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Effect of y-Grain Size on Distortion of Carburized Steel
Yuuki TANAKA, Naohide KAMIYA and Keisuke INOUE

Synopsis

In this study, the effect of y-grain size on roundness variation of carburized steel was investigated using a ring specimen. It

was found that the direct effect of y-grain size on roundness variation is small. However, the y-grain size gives an indirect effect

on roundness variation through a change of phase transformation, when the phase transformation occurring during quenching

changes with variation of y-grain size. For example, in steel whose phase transformation changes with decreasing y-grain size

[from simple martensitic transformation to combined transformations (ferrite/binitic/martensitic transformations or binitic/

martensitic transformations), the decreasing y-grain size brings about a decrease in the roundness variation resulting from the

ferritic and binitic transformations. It was demonstrated by simulation that the roundness variation of the present ring specimen

originated in the difference of plastic and transformational plastic strains in the circumferential direction between the outer and

inner sides. The decreasing roundness variation by the ferritic and binitic transformations is due to the decrease in plastic strain.
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Table 1. Chemical composition of steels [mass.%)].
Grade | C Si | Mn | Cr | Mo | Hardenability
Steel A |[0.20| 0.20 [{1.30| 2.02 | 0.25 High
Steel B |0.20| 0.21 |0.81|1.15 | - Low
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Fig. 1. Size of ring specimen.
Annealing Quasi-carburizing
Small y-grains
1173 K 1153 K
Furnace Oil quenching
1hr cooling 1hr |\ (353 K)
Large y-grains
1273, 1323, 1373 K
1153 K
Oil quenching
1 hr 1hr |\ (353K)

Fig. 2. Conditon of heat treatment.
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(y-grains and microstructure)
Tray center
Fig. 3. Specimen setting at quasi-carburizing.
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1153 K
NAFA b+ T7 =251 MHIETH - 72, R

3. 3 EAEZE

Fig. 6 |2 SE IR Ik (2 DO TEIREHIE % B2 5 o %4k
mE 100 fFICIER L TR, 22 Thx, y#ill, Fig.3 (b) Steel B, Low hardenability
hox @l (ML—EFHA), y#h (L —8EFEHIA) He K SR = B
ISHIEL TV 5, WEROREN b SRRz || oo YR :
HTh o, SMERBIIEELCxEANEzEFET 5 a@a? e
BAEIIRICETE L 7z, B L g e
Fig. 7 12 PIghifE & BEUR itk O B EEZE L& D B Fig. 4. y grains and average grain size after quasi-
fraRd. 7ay MRICERE OME MRS 5.

]

\ 1me

. X . carburizing.
yRZRICEDLDLFYIVT VA NE—ERETH - 72
— R . (a) Steel A, High hardenability *F: Ferrite, B: Beinite, M: Martensite
Steel A I2BWTIE, BEMELZ/LEIZTVIND 60 wm Hi 1153 K 1373 K

BThH, HEBTOERIINI V. —F, yREC 2
X o THIZRENRRL S Steel BIZBWTIE, <IVF v : ;
A NH—FERETH > 72y FifE =166 um 12DV TITEH
FEZALEIL 60 um FRETH D, Steel A LIZIZF LU TH o S b
Z). Lﬁ‘ L, v *ﬁ?%?bflj\ é vy %) D Li k‘EHfEZ“E%ECid\ (b) Steel B, Low hardenability
S, ZOEMEELE DT L Steel A DREF = Z &
ToHE, WEZOLOOFETIIR L, MHERBEIIZX
LR OFONRLFA N, TIA4 MNERICE LT
MERRIE? "V IckaborEILND.

30 ym

30 um

B pe, pu,

Fig. 5. Microstructures after quasi-carburizing.

fo: Roundness of outer diameter before quasi-carburizing

(a) Steel A, High hardenability fo: " after quasi-carburizing
Heating Temp. 1153 K 1273 K 1373 K
D, 10 pm 66 um 113 ym
Before fo=1um fo =2 um fo =8 um
f, =65 um f, =57 um f, =64 um
A AY Y
(x100) (x100) (x100)
After C\, > X C) > C\ / a
Variation (=f; - f,) 64 ym 55 ym 56 ym
(b) Steel B, Low hardenability
Heating Temp. 1153 K 1273 K 1373 K
D, 15 ym 105 pm 167 pm
Before fo =5 um fo =14 um fo =7 um
(x100) f, =26ypm (x100) f, =49ypm (x100) f, =64 );,Jm
I A I
Variation (=f; - f,) 21 ym 35 uym 57 ym

Fig. 6. Roundness before and after quasi-carburizing.
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*F: Ferrite, B: Beinite, M: Martensite
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Fig. 7. Relationship between average y-grain size and

variation of roundness.
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Fig. 8. Determination of heat transfer coefficient.
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(a) Setting of heat transfer coefficient (b) Heat transfer coefficient curves
Region A | Region B | Region C 1.8 No. 1
@ Upper No. 8 No. 7 No. 6 G 16 No. 2
@ Bottom No. 6 No. 5 No. 4 ) 14
E - No. 4.
@ Inner No. 5 No. 4 No. 3 s B
@ Outer No. 3 No. 2 No. 1 = 12
£ 1
3
@ Upper side Region A © o8 No.7
f v e Region B 8 7 NO-
Tii ; e 2 06 No. 8
x o 8
©
b
- o

@ Inner side\§i\
02 T STII=s

@ Outer side o FERRRRERRT 0 T
400 500 600 700 800 900 1000 1100 1200

Temperature [K]

@ Bottom side —
Center of tray-
Fig. 9. Heat transfer coefficient used for simulation.

Table 2. Material parameter used for simulation.
Y: Austenite, F: Ferrite, P: Perlite, B: Binite, M: Martensite

Steel A Steel B
Parameter Source
10 pm | 66 um {113 pm(f| 15 pum |{103 um|(167 pm
Deformation Y : Different Y : Different
) resistance F, P, B, M: Same F, P, B, M: Same
Mechanical Y ; dul S s
property 'oung's modulus ame ame
Poisson ratio Same Same
Thermal Thermal expansion Same Same JMatPro
property Thermal conductivity Same Same
Latent heat Same Same
Volume change Same Same
y—F Same (1.6 X107 Same (1.6 X10™)
. R " " JSHT
Phase Tragggtrir;g;uon y—P Same (1.6 X107) Same (1.6 X107) Recpmgar;-
transformation | Goefficient | y—~B | Same (20%10%) same (2.0x10*) | dation
y—M Same (5.6 X10™) Same (5.6 X10™)
TTT Different Different Experi-
M, and M, temperatures Different Different mental

. . . . . - Table 3. Martensitic transformation temperatures used
M REE) 2R, M, M, IREEIE, DNEGREEAME ¢ y b P

BANEVEBETFRL 22D 27, Wb 2R for simulation.
2 14) > - -
AR LER . Steel tempnggttllT% (| Transformation |M; [K] | M; [K]
4. 2 :/51[/—:/3>0)ﬁﬁ'|'ﬂ_& 1153 M 659 | 523
Steel A

Fig. 11 121 Steel A @ y Fif%E =113 um IZ BT B BPEATR ee 1273 M 661 | 526
DRIEFHEARE R, AMAIZIE Fig. 8(c) DT S 2> 1373 M 664 | 530
SOGHEEHEMDFLE L TH 5. £/, Fig. 120 L 1153 F+B+M 643 | 531
ISR, B X U Steel B O y #ifE =15 um , 167 Steel B 1323 B+M 668 | 534
um DILIREHEARE R 2R 1373 M 675 | 536
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Heating temp. Start  Finish

Heating t . Start  Finish
eating temp. Sta inis 1153 K —_—

153K ~ —— -

1323 K
o
1073 1073 //—
973 ' _ S| [ | ecmm==pm=====rr
973 v—F y—F /,—
- T g73d RN
X 8731 . C R U B
o 3 Yy—-B-~— _~1T | TS
8 s sl /| /| 2
s 773 s 13 /[ 4 e
£ 5
= 73 T s
5731 5737 : . | .
0.1 1 10 102 108 104 0.1 1 10 102 10° 10
Time [s] Time [s]
(b) Steel A, High hardenability (b) Steel B, Low hardenability

Fig. 10. TTT diagrams used for simulation.

Position ¢

Position p —_*

*1 Calculation result of cooling rate between 1073 K and 673 K Center of tray Position g

*2 Predicted value of cooling rate between 1073 K and 673 K

173 - - 1073
——A, 26.4K/s*! (27 K/s*2)
3 | B, 26.2K/s* (24 Kis*2) 1023
3 973 C, 21.3K/s*" (24 K/s*2) o 97
— *1 *2 ="
v 873 D, 20.8 K/s (17 K/s*?) o 923
2 773 > 2 873
© w ©
g 673 g 823
E 573 E 773
(] @
T o o723
373 673
273 623
0 50 100 150 200 250 300 350 5 10 15 20 25 30 35
Time [s] Time [s]
Fig. 11. Calculation result of temperature after quench starting in Steel A (1373 K, D,=113 um) .
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*Roundness of outer diameter after quasi-carburizing

Steel A Steel B Steel B
(Temp.=1373 K, D, =113 pm) (Temp.=1373 K, D, =167 pm) (Temp.=1153 K, D, =15 pm)
y Experiment (64 ypm*) || ™ Experiment (64 ym*) || |77 Experiment (26 ym*)
A |~ Simulation (55 ym* x100 Y A |~ Simulation (58 ym*! x100 y A |~ Simulation (19 ym*
E’
9]
I
8 3
© By X 5 X 5 X
& > > >
>
@]
y y y
c
_ 3 x100 X x100 X x100 X
g =
%3 e 0.0020 i 0.0020 [ 0.0020
cs
© < e N . s W%
g ( ) 0.0018 ( ) ) " 0.0018 0.0018
° Q0 | : ] : : :
—_ 4= i ' i ! i i
S E
S 5
= o 0.0015 0.0015 0.0015
©
= e . I
0.0013 0.0013 0.0013

Fig. 12. Calculation result of total strain, €™

*F: Ferrite, B: Beinite, M: Martensite
80
T 70
=
«n 60
7]
2
5 50
c
3 40
S
k]
< 30
2
® 20 -
© " F+B+M* Exper. Sim.
= 10 -0 T+ SteelA
0 -4- —&— Steel B]
0 50 100 150 200

Average grain size [pm]
Fig. 13. Calculation result of roundness variation by

simulation.
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F 0 B2 R L 2L o W S B A R o
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of circumferential direction and roundness by simulation.

Position A) & NfEMIZE (Fig. 14, Position B) @ ™
DFEG, A L HMEAEOREMELY 70y bL
2bD%RT. Fig. 14Hh 5, A L EHEELEIC
TR S 5 2 LDV s, L LoiERE»N S, 40
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e =" + " + g™ 4+ g™ + ¢ (1)
A=A + A+ 4™+ Ae™ + 4™ (2)
e A" O A, DT ADES

e, A WHEOT R, BHEOTAROES
g™, Ae™ I BOTH, BOTARDESG

e, At AR R, EROTADES
e, A" AR OT A, KREEDT HDE)
Thb.

Fig. 15 12 Steel A DHMEMIZEM (Fig. 15, Position A) &
WNAEMHIFEME (Fig. 15, Position B) OO A, BL O
EODOFBEMEERT. A NOFGIL, yREICED
59 A", A, AT THEL, B THAae &L A" D
BWoakEW, DF Y, Steel A DEMEZALIZ, AMERMENE
MNEMTELE & e DENERTHSL. 2T, ¢
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Fig. 17. Calculation result of temperature, stress and strain at circumferential direction after quench starting in Steel B
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